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(54) Wireline communication system and method of frequency allocation therein 



(57) To alleviate the requirement to back-off all up- 
link performance, such as by limiting power spectral 
density, to overcome far-end cross-talk problems other- 
wise associated with relatively short loop-length wireline 
links, the present invention partitions the frequency 
spectrum based on an estimate of the loop length of a 
subscriber unit (CPE) modem from an exchange (LTE) 
modem. Up to a threshold frequency (f max ) at which re- 
ceived transmissions from a subscriber having a longest 
loop length (115) become indistinguishable by the LTE 
modem from a noise floor (102), up-link performance on 
all loop lengths is limited to correspond to that of the 
longest loop. At frequencies above the threshold fre- 



quency (f max ), subsets of subscribers (152-154) having 
relatively short loop lengths (116-119) use high frequen- 
cy carriers that have signal to noise ratios sufficient to 
support information transmission in these elevated fre- 
quency bands. Within each subset of subscribers, back- 
ing-off of performance to that of the longest loop length 
within the subset is, however, necessary to avoid FEXT, 
as shown in FIG. 4. The higher frequency bands are 
used to support up-link transmission complementary to 
or mutually exclusive with up-link transmissions using 
frequencies below the threshold frequency (f max ) and 
so, respectively, provide increased channel capacity or 
reduced cross-talk. 
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Description 

Background to the Invention 

5 f ™ IL,™'? inVOnti0 ? r t tat88 ' 9enera1, '° 3 Wife,ine comf " u n^ation system and an associated method of allocating 
requenc.es for use in traffic communications. More particularly, but not exclusively, the present invention is applicable 
to bidirectional wireline communication systems that support digital subscriber line (xDSL) communication protocols 
which wireline communication systems inherently suffer from the undesirable effects of cross-talk interference. 

10 Summary of the Prior Art 

[0002] Telecommunication systems that interconnect wireline subscriber terminals are being developed to support 
broadband data communication. More particularly, recent developments in broadband communication protocols allow 
broadband data to be overlaid on narrowband voice or integrated service digital network (ISDN) traffic Specifically 
the interconnection of broadband modems located at the subscriber terminal and at an exchange allow current broai 
band access systems to communicate on spare spectrum (i.e. spare frequency channels) of a twisted pair communi- 
cat.on resource; the spare frequency channels being isolated from conventionally encoded voice signals by a suitable 
filter. In this respect, and depending upon the complexity of the xDSL coding scheme, overlaid broadband systems 
can support data rates in excess of two Megabits per second (Mbps). although this rate is dependent upon the physical 
r™, 6 l S c °™ection, e.g. the overall length of the twisted pair and its composition and configuration 

[0003] Asymmetric Digital Subscriber Line (ADSL) and High-speed Digital Subscriber Line (HDSL) protocols for 
example, can support data rates of 2Mbps over distances of approximately three kilometres, while more complex 
schemes (such as VDSL) can support data rates of 8Mbps and above over distances of, typically, less than two kilo- 
r'c, 5 ; ♦? COde f,.^ cn ™ discrete multi-tone (DMT), which can be used for Very high-speed Digital Subscriber Line 
(VDSL), utilise multiple sub-channel carriers, e.g. in a DMT environment, to provide an adaptive system that mitigates 
the effects of cross-talk by selectively ignoring noise-effected sub-channel carriers or reducing the number of bits 
supported by the sub-channels. As will be appreciated, DMT provides a comb of frequency carriers that are each 
separated modulated and then combined to generate a composite signal envelope. As such, information (both control 
information and traffic) is distributed across a number of different frequency carriers 
30 [0004] Presently, some xDSL systems (and the like) utilise a time division duplex transmission scheme in which a 
communication resource (such as a dedicated channel within frequency limits) has a time-split use for up-link and 
down-link transmissions between line termination equipment (LTE) and customer premises equipment (CPE) More 
specifically, the up-link and down-link may have different traffic capacities, i.e. there isa fixed but potentially asymmetric 
symbol capacity (or number of time slots) between the up-link and the down-link assigned for the entire duration of a 
call. For example, in an Internet-type environment, it is usually beneficial to have a higher down-link capacity since 
information download is the dominant data flow, whereas voice traffic generally requires equal traffic capabilities in 
both directions. 

SUISf! !" fre , quency division dtJ P |ex (FDD) systems, spectrum is allocated between the up-link and down-link 
*n 1 1 , 1? rG ! at,0n t0 bUnd ' eS ° f WireMne communication resources, it is also important to consider the potentially 
undesirable effects associated with cross-talk interference. Specifically, with bi-directional communication, the relative 
location of the lines, for example, between twisted copper-pair causes cross-talk interference to be induced into prox- 
imately located wireline communication resources (principally by the mechanisms of capacitive and inductive coupling 
and by radiation arising from the imperfect nature and performance of the cabling). Moreover, where symmetrical and 
asymmetrical service are simultaneously required on pairs in the same bundle, cross-talk becomes a significant prob- 
es lem, as will readily be appreciated. 

[0007] For completeness, it will be understood that near-end cross-talk (NEXT) occurs when electromagnetic inter- 
ference is induced into a wireline resource that is communicating information in an opposing direction, e g down-link 
(or downstream) information appears as noise in an up-link (or upstream) path. NEXT Is undesirable because near- 
end generated interference is at a level that can potentially swamp data signals received from a remote terminal which 
data signals have previously been subjected to attenuation through the transmission path. Furthermore NEXT increas- 
es significantly at the higher frequency components and so is even more undesirable in high frequency data-over-vpice 
wireline systems, such as VDSL. To avoid the harmful effects of Near-End Cross-Talk (NEXT) in a TDD system an 
ensemble of collated communication resources must have synchronised and aligned transmissions However in a 
mixed symmetrical/asymmetrical system, NEXT often occurs where the two opposing schemes have either different 
frequency allocations (in frequency division duplex, FDD) or different time slot allocations (in TDD) 
[0008] The skilled artisan will appreciate that the partitioning of symbols (or time slots) between up-link and down- 
link transm.ss.ons must also take into account the form of traffic that is to be sent in the respective directions and this 
is reflected by the present schemes of fixing symbol (or time-slot) allocation for the entire duration of a call Specifically 
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for voice communication (as opposed to data transmissions) it will be apprec.ated that the nature of verba expression 
requires regular information to be conveyed in order to support a coherent understand.ng. In contrast data be of 
a bursty nature since a reception pattern for information in somewhat irrelevant and there can, in tact, be a re^rdenng 
of information at a receiver. As such, voice communication in any telecommunication scheme generally requ.res the 

5 fixed provisioning of sufficient capacity/bandwidth. 

ranta With regard to Far End Cross-Talk (FEXT). this form of cross-talk affects non-addressed ports of a remote 
terminal In other words. FEXT occurs when electromagnetic interference (i.e. noise) is induced into a wireline resource 
hi? s communicating information in a similar direction, e.g. upstream (or up-.ink) f 0 ^^^ " 
another upstream wireline resource to an extent that performance on a g.ven pa.r « limited. The effects of FEXT are 

w co°espondingly reduced by the attenuation path of the wireline resource. However, when multiple separate modem 
Snks exS (as supported by a multiplied of different copper pairs proximal V located towards the exchange LTE as a 
ound.e of pairs £ the access network and then fanned out to individual drops serving part.cute r CPEs c^stak 
between the numerous signals at (or towards) the exchange presently generates no.se that limits the data-rate per- 
tarmance of both a given pair and the entire wireline system, in general. In synchronised systems FEXT is .nherent 

is FEXT on adjacent pairs can be severely exacerbated from increased signa. strengths at a receiver modem 

of the exchange LTE !or the pair causing the FEXT. More especial*, where these adjacent pairs have shorter reaches 
0 e shorter cable lengths), the attenuation of the signal in the wire.™ resource from such .relatively 
modems (as opposed to remotely located modems) is relatively little and. corresponds gly. FEXT induced .nto adjacent 
^eTe resources can be relatively large. In other words, in instances when FEXT from a relatively ek^taM 

20 modem is introduced into a wire.ine resource serving a distant* located modem, the FEXT m ^ erenC °° n °«*^ 
Atrophic and corruption of the data from the distant modem absolute. For this reason, it « accepted tha there^ s 
a need to 'back-off' the power transmitted by the transmitting (CPE) modem in the upstream direction for all but the 
fonqest lines Unfortunately, the necessity for back-off results in inefficient utilisation of the spectrum as .a , consequence 

to restrict channel throughput by reducing power and lowering the bit transmission rate. In summary. FEXT .s particularly 
problematic in the up-link at the LTE and limits spectral capacity generally. anH /nr the 

[0011] The term "self-FEXT" will be understood to mean FEXT arising from use of the same time-slot and/or the 
same frequency for a common form of service (as opposed to differing services on a common wirehne resource, such 

i e Sen^n) Z a sing'.e frequency and the subsequent projection of loss for the entire bandwidth for that part.cu,ar 
copper pair, and the corresponding determination of upstream power (PSD). This method if unratabl. 
power transmission characteristics of a copper pair vary according to frequency and. .n the extreme the m Abc ted 
f requency (carrier) can coincide wrth resonance, for example, within the wireline resource to an ^» 
ndication of the genera, transmission properties of the wireline resource is derived. Addrt.onallv such s.ngle irequency 
lecSques utilise a centra.ised decision-making process for all wire.ine resources incident to the "d^**^" 
the oerformance of all loops to be the same as (i.e. as poor as) the performance associated w.th the longest reach. 
001 3] pTwer back-off can be achieved on eKher an equa. margin basis or an equal power bas.s. Equal margin aHows 
for a fixed excess in SNR terms, for example, with respect to all incident lines at the rece.ver. namely the LTE fo 
upstream "communications. In contrast, equa. power ensures that the received power at the LTE is the same for all 
Mnes a^n^everal. or all frequencies. In both cases, the power spectral density of the transmitted s,gnal is vaned to 
take ISo^oSS *• variable noise floor and the variable level of attenuation associated wrth the selected earner 

l^Z^ZSHm the P rob.ems associated cross-talk in baseband line coded ^Jj-™ 
manufacturers have also resorted to echo^ancellation techniques. Unfortunately, while echo cancellation compen- 
sates a particular twisted copper-pair for rts return dup.ex path, echo cancellation does not 

the effects caused by cross-talk induced by other distinct systems, i.e. other twisted copper-pairs. Furthermore, echo 

cancellation techniques are generally expensive. . onmn . tDH 

T001 SI Wireline service must also preserve certain (or sensitive) frequency bands, and in this respect some proposed 
eg LnTatady require the radio' amateur spectra, bands (at least) to be notched out (i.e. fi.tered) to avo.d earner 
nterf erence through a radiation process from the wireline communication resource. This concept of selectee no tch^g 
s already prevalent in most radio-based communication systems, such as wfthin the Digrtally ^^P^T* 
Telecommunications (DECT) system and the Global System for Mobile (GSM) commun.oat.on. and » reflected .n elec- 
tromagnetic compatibility (EMC) requirements. I m «„«„e D that 
[0016] Furthermore, aswill alsobe widely appreciated, broadband access schemes requ.re achannel response that 
satisfies Nyquisf s criteria, namely that sampling is required at twice the frequency of the highest .nformat.on earner, 
!e sampling occurs at 2f whilst transmission is limited to /and belowThe aliased associated wrth a oarfcular system 
actually contains a duplication of the information contained in the base-band. 
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[0017] It will therefore be appreciated that present systems are generally intolerant of the variation in attenuation for 
different length loops (i.e. lines) and have a performance that is limited to the lowest performance of a copper pair in 
a bundle; this being particularly so in relation to up-link transmissions that are subject to the effects of FEXT. 

5 Summary of the Invention 

[0018] According to a first aspect of the present invention there is provided a method of allocating frequency band- 
width in a wireline communication network maintaining a plurality of wireline links between a line termination node 
containing a plurality of collocated modems and a plurality of subscriber-associated modems located at differing loop 
leng hs rom the line termination node, the method comprising the steps of: estimating a loop length of at least one 
wireline link; and partitioning bandwidth on a frequency basis based on estimations of the loop length of the at least 
one wireline link. 3 

[0019] In a preferred embodiment, the step of partitioning bandwidth further comprises the steps of: assigning at 
least some of the plurality of subscriber-associated modems toa relatively low frequency range bandwidth and limiting 
a s.gna strength for all frequency carriers in an upstream direction in the relatively low frequency range bandwidth to 
a signal strength substantially corresponding to a signal strength received in the upstream direction in relation to a 
subscriber-associated modem having a longest loop length in the relatively low frequency range bandwidth- and as- 
signing at least one of the plurality of subscriber-associated modems to a relatively high frequency range bandwidth 
and limiting a signal strength for all frequency carriers in an upstream direction in the relatively high frequency range 
bandwidth to a signal strength substantially corresponding to a signal strength received by a modem in the line termi- 
rTngTba^idlh l ° " Subscriber - associated modem havin 9 a '^9^ loop length in the relatively high frequency 

[0020] The subscriber-associated modems assigned to the relatively low frequency range bandwidth may be exclud- 
ed, if desired, from the relatively high frequency range bandwidth. 

Th .! re 'f ' OW ,requen °y ran 9 e bandwidth is distinguished from the relatively high frequency range band- 
width by a threshold frequency at which the received signal strength in the upstream from a subscriber having the 
ongest loop length in the relatively low frequency range bandwidth becomes one of: substantially indistinguishable 
from a noise floor of the system; and inadequate for supporting useful data transmissions 

[0022] In another embodiment of the present invention there is provideda method of partitioning bandwidth comprises 
the step of: assigning base-band to a first group of subscriber-associated modems; and assigning alias-band frequen- 
ces to a second group of subscriber-associated modems having shorter loop lengths than at least some of those 
subscriber-associated modems in the first group. 

[0023] The second group of subscriber-associated modems may contain modems requiring a reduced channel ca- 

3S [0024] In a second aspect of the present invention there is provided a wireline communication system comprising 
line termination equipment coupled to a plurality of modems via wireline resources of varying loop length the wireline 
resource having means for providing a frequency partitioned bandwidth for supporting a plurality of upstream trans- 
m.ssion from the plurality of modems to the line termination equipment, and wherein the bandwidth is partitioned based 
on loop length basis. 

40 P^ erab| y- ,he second bandwidth includes the first bandwidth and a further portion of bandwidth above the 

first threshold frequency, and wherein the second communication has a power spectral density limited so as to provide 
the predetermined signal strength level to the line termination equipment in the first bandwidth and a different power 
spectral density providing a different received signal strength in the second bandwidth 

[0026] - In another embodiment the means for providing a frequency partitioned bandwidth further comprises- com- 
plementary switchable filters in the line termination equipment and the plurality of modems, the switchable filters ar- 
ranged o select between base-band and alias-band: means for assigning base-band to a first group of modems- and 
means for assigning alias-band frequencies to a second group of modems having shorter loop lengths than at least 
some of those modems in the first group. 

bo capacity ^ SeC ° nd 9r °" P subscriber - associated modems contains modems generally require a reduced channel 
[0028] In another aspect of the present invention there is provided a modem-management system combination com- 
rnJfln? mBanS P rovidin 9 a fluency partitioned bandwidth based on a loop length of a wireline resource 
[0029] The numerous aspects of the present invention therefore provide an improved performance for FEXT-limited 
communication systems through the segregation of frequency carriers based on loop length. Put another way the 
present invention provides partitioning of a larger proportion of the available spectrum based on loop length since the 
power spectral density of channel resources assigned, to CPEs located relatively close to an LTE can be Increased to 
support higher bit rates by virtue of the assigned communication resources, including spectrum being isolated in fre- 
quency from those channel resources used by CPEs remotely located from the LTE. In this way, overall system per- 
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formance is improved and cross-talk reduced on a general basis within the system. Indeed the cross - ta,k ^° n ^ p e _ r " 
formance jsjmprovea provid ed sufficient capacity exists within the h.gher frequency bands, CPEs 

can be educed by virtue of the fact that, provra benefit fro m the exclusive use ol higher channel 

1^^^^^^ -y be used sole, to service relative* distant, located 

S5F£Z ^r^irsss!^ th ere is ^ . ot b^™ 

■nr. transmit oower levels towards the predetermined maximum power level. -„!„,.«,♦«», 
X^Tn a Zferred embodiment a level of increase in the transmit power for the intermediate frequences « deter- 
2 as "n attenSttn oHhe predetermined maximum power level, the attenuation catenated as the loss arising 

,Tm a cab^^^ 

-entK,e notion further comprises the step of, in relation to subscriber 
^noL^y consent distance from the centra, node, transmitting at the predetermined max.mum power level, for 
frequencies above the second frequency. 

Brief Description of the Drawings 

[0033] Exemplary embodiments of the present invention will now be described with reference to the accompanying 

drawings, in which: 

FIG 1 is a schematic diagram of a typical wireline communication system that may be functionally modified to 

F^3 Urates, in accordance with the present invention, mapping of measured frequency-related performance^ 

characteristics aqainst theoretical loop performance curves; . ... racan * 

4 shows frequency segregation based on loop length as proposed by a preferred embodiment of the present 

invention; . . . . ~ DCts . 

FIG 5 illustrates, in a complementary fashion to FIG. 4, service subsets of CPEs, 
Fie' 6 is a frequency domain representation of a pass-band and associated alias-band, 
RG. 7 is a graphi ^representation of frequency availabilrty in a wireline system of a second .nventrve notion. 

Detailed Description of a Preferred Em bodiment 

F0034! ' FIG 1 is a schematic diagram of a typical wireline communication system 1 0 that may be functionally modified 
shanadnltTd pairs So. tS. twisted pairs 30-60 are typical, made of adjoining lengths of copper, although alu- 

Hen bridge up. Ih.relore result in the products of notches In an insert.on loss measure™* ol the cable. The 

» SSI? 1ar^"tS'ln the .-hang. 1 Z — . ™y be „ o, ^J^SXSSZSSZ 

U^asa-oi^le^^^^ 
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20 



without limitation, to control encoding and modulation of data onto channel carriers, and also provides error correction 
interleaving of data operation timing, baud rate and the administration (i.e. the gener^ ^ 

nformation in region to a call. The memo* 62-64 stores call-related informal and ^^SSISSSSSS 
unctional operation. Furthermore, although specific detail of the exchange has been omiSed fo "he «ta oTdaX 
transmit and receive chains within the exchange 12 act to provide an information interface 68 ^ the sense o bo* 
analog vo,ce and digrtal data). The exchange/cabinet 12 (which can generally be described as a ^ork ternnl °ng 
node) a ,sou S uahvhasamanagement system 69 that orchestrates operation of the exchange 12 and acts tc^ccTS 
data pertaining to the instantaneous or historic operation of the network accumulate 

S,mc,urs of each CPE modsm 1 6 - 28 'S functionally complementary to that of the LTE modems 1 3-1 5 as 
WW be read.ly appreciated. More particularly, each CPE modem 1 6-28 general? provides a line inSce to a tested 

cpe Z^Z^To^T 72 m 7 T a9 ? the operation and ,iming of the CPE modem < as **™ ™ ^ to 

CPE modem 28), while some memory 74 » also associated with the controller 72. Each CPE modem allows intercon- 
nect, on of a computer 76 or the like to the exchange. Furthermore, while the CPE modems 16-28 are shown as phvs- 

» ;ar^fLT e E n ^ d s cPE mt:r ciated that rt the mod r s may - in ,act ' be witwn »• ! . 

[0038] The LTE and CPE modems may support a number of alternative communication protocols such as discrete 

s^^TSssr" w opea * 9 30,058 a ™ u ° 6 -— * ^ - ~ 

E 00 !! 1 J*! Wifeline cornmunication sy^m 10 of FIG. 1 therefore has a tree-like structure in which at least one 
bundle 90 o coltocated twisted pairs feeds into the exchange (or cabinet) 12. while each bundle 90 of twisted P Zl 
branches wrth distance from the LTE to provide individual (or shared) drops to specific CPE modems VeTusual ly 
each branch from the bundle 90 occurs at a street cabinet or kerb-side unit, as will be appreciated, whereby each 
branch may ,„ fact, support more than one twisted pair. CPE modems 16-28 within the wireline communEfcnX^ 
0 are therefore distributed at different loop distances from the LTE 1 2. However, it will be appreciaTed "hat The pSS 

- ^ or JSLS. mod>m 16 ' 28 may not be indicative of ,he ,oop distance because ,oop 52 

yOSi k IG h 2 SP ! Ctra ' diagfam 100, associated with <»» wireline communication system of FIG. 1 , illustrating 
" S 6 ea ' ^ * ° rd f lnate ^ ° f th8 SpeCtra ' dia9ram represents the *»"flti ° f received signal, whereas 
eLted bv v! S / nC T a K " 9 A n ° iSe 102 9enera,ly repreSents ,imit at which inforrrtation can be 

mS fiS ^ Came « haV,n9 3 diSCBrnible si 9" al '»"»'■ I" Edition to the noise floor 102, self FEXT 104 

SSJ f ( " e h T eS) fl0 ° r 31 '° Wer frec " Jencies : the eff ects of self FEXT. however, become insignificant at 

relatively high frequences where self FEXT actually drops below the noise floor 102 by virtue of path attenuation as 
shown in the digram. The spectra, diagram 1 00 further shows a low frequency cut-of point 1 05 WtelS?SSSiS 
achieved in the frequency spectrum by a filter arranged to separate relatively low frequency (e.g. voice) transSons 

E^E^ J' 9 Tf ^ XDSL) d3ta transmissio " s - Additionally, a plurality of kip tLsmisLon cha3r 
ist.cs 106-112 (,.e. path loss characteristics, indicate that decreasing (i.e. shorter) loop lengths provide Increasing 
capacity by virtue of the fact that the area under each of these loop transmission characteristics i^^SSS 

^„t™ T ^ S w 306 - 5 !? na ' l ° n ° iSe fati ° (SNR) 31 3 par,icu,ar '^ency is therefore indicated by the vertical 
displacement on the d.agram between the noise floor 102 (as modified by any self FEXT component) and the in er 
section wrth a selected loop transmission characteristic, e.g. curve 1 06 mponeni; ana me inter 

« [0041] An area 1 14 bordered by the noise floor 1 02. the self FEXT curve 1 04, the filter isolation 1 05 and the lonqest 
loop transmission characteristic 106 represents the limiting symbol capacity and operating frequency foJconvenSona 

is limited to f max since power back-off is implemented within the present systems to avoid FEXT arising at the LTE from 

4S TT SN , RS ° f L h L Shorter lo °P distances as "-die-d by the loop transmission characteristic 1 ol™ 

In other words the upstream PSD of the shorter loops is limited such that the received power at the LTE modem is the 
same as that for the longest loop. Bm ,s ine 

Ehi^pr 31 re9ard l °, thS ' 0OP transmission characteristics 106-112, it will be appreciated that there is a 
diminishing SNR (..e increasingly unacceptable levels of SNR) with frequency. Consequently, at increasing frequency 

so 0043? 7 ffia ' ♦ ^ Can effectiv e'y modulate less information with increasing frequency 

[0043] The underlying concept that is common to each of the preferred embodiments of the present invention is to 
i™? Seg [ e h 9ated (a " d P°t ent '"a"y mutually exclusive) frequency bands for differing subsets of users compiled on a 
loop length basis and such that FEXT is reduced in relation to upstream transmissions and cross-talk, preLabJ is 
educed by hm.tmg the number of subscriber in relation to each frequency band provided for each subset of users To 
this extent, one must first ascertain (estimate) the lengths of the loops to the various subscribers (CPEs) in the wireline 

55 communication system (as serviced from an LTE). 

1°H re rt eSem f 1 'f * ch ; arac t erist fc. a Preferred embodiment of the present invention uses a modem 
l™^" d , S h e se^ence to estabhsh a mapping of measured frequency-related path loss characteristics against 
reference path-loss loop charactenstics 11 5-1 19 for a standard reference cabletype. as shown in FIG. 3. The reference 
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path-loss loop characteristics 115-119 are pre-stored in memory either as a mathematical model with appropriate pa- 
rameter values or as a discrete set of curves. Such standard reference cable data dictates the profile of path loss with 
respect to frequency for differing lengths of wireline (e.g. twisted pair) resources. 

[0045] The training sequence is generally arranged to have minimal effect on other systems, and so it is preferably, 

5 in a DMT environment, to limit the number of carriers used for training purposes. 

[0046] The reference path-loss loop characteristics 1 1 5-1 1 9 can be stored in the memory associated with either the 
CPE or the LTE, and the determination of loop length based upon either a "blind" or an informed basis, i.e. whether 
one or both of the CPE and LTE modems are aware of the measured path loss values for the line under test and, 
therefore, whether one or both of the CPE and LTE modems are involved in the final loop length assessment. 

10 [0047] With respect to the mechanism by which measurement and length assessment takes place, it is preferred 
that during training, a first modem transmit a training sequence comprised across all available subchannel carriers, 
although the training sequence could be reduced to a selected number of carriers to expedite the process. The training 
sequence, as will be appreciated, is comprised from a plurality of predetermined symbols, with the power spectral 
density for the training sequence (or the transmitted power associated with each symbol) fixed. Since the training 

is sequence is known by the addressed modem and the level of transmission or the PSD of the sequence is also known, 
the addressed modem is able to record a path loss characteristic for at least some of the carrier frequencies. Conse- 
quently the measured path loss characteristic for individual frequencies 120-138 can be plotted and compared with 
respect to the reference path-loss loop characteristics 115-119. As will now be appreciated, the path loss characteristic 
varies with both loop length and as a function of frequency (and specifically as the square root of the frequency). 

20 [0048] Once the path loss characteristics 120-138 for an actual loop is measured/plotted, the controller 72 of the 
CPE modem or the controller 65-67 of an LTE modem reference the measured path loss characteristic to the standard 
references provided by the reference path-loss loop characteristics 115-119. Specifically, by using a line fitting tech- 
nique, the length of the loop between the modems can be fitted to a reference cable path-loss characteristic best 
resembling its profile. In other words, in a preferred embodiment, the actual length of the loop is represented as an 

25 equivalent length of a standard reference cable type, with the length referenced either as a physical length (e.g. metres) 
or as a loss (e.g. dB) at some frequency. 

[0049] As previously stated, the preferred embodiment uses a training sequence distributed across available fre- 
quencies This is preferable because use of a training tone on a single frequency could be influenced by the existence 
of bridge-taps on the loop or an interferer. Use of several frequencies therefore provides the ability to discard those 

30 path loss measurements that deviate from a smooth path loss-characteristic curve. 

[0050] The line fitting technique may employ a mechanism such as least square-root fitting in which frequencies 
having spurious path loss characteristics beyond a predetermined tolerance of the apparent best reference loop per- 
formance curve can be rejected. Such statistical techniques will be readily appreciated. For example, in relation to the 
plot of actual path loss values for a wireline connection as shown in FIG. 3, measurement point 130 could be rejected 

35 as being an anomaly from the general trend of the curve by virtue of a statistically significant variation from a prede- 
termined threshold. The actual length of the wireline interconnecting the modems can be determined using the meas- 
ured path loss (at either the CPE or LTE modem) to extrapolate length, I, based on the loop performance curve of the 
standard reference cable. 

[0051] As indicted, possible technique for establishing a power spectral density for upstream transmissions involve 
40 -blind" methods where the CPE modem determines the PSD from the training sequence, or an informed (or "commu- 
nicative') method where information exchange between the CPE and LTE modems is required, and the PSD for up- 
stream transmission by the CPE modem is determined by either the CPE modem or the LTE modem. It is therefore 
possible to select one of the following four basic options: 

45 1. The CPE modem estimates the path loss characteristic, references the path loss characteristic to a standard 

reference loop (cable) length and from that determines the PSD for all transmitted (upstream) frequencies to meet 
the receiver (LTE) SNR requirements. This is probably realised as a "blind" method and makes use of the man- 
agement system 69. Specifically, the LTE modem must relay information relating to the bngest loop length of the 
system and operating frequency band limits to the CPE modem, as obtained from the management system 69. 

so 2. The LTE modem estimates the path loss characteristic for the upstream transmission and informs the CPE 

modem which itself determines what its PSD must be. This is a "communicative- method. The LTE modem must 
relay information from the management system pertaining to the longest loop length or the system, the operating 
frequency band limits for each subset and the determined length of the serving loop; this amount of information 
represents relatively little control overhead. 

ss 3. The LTE modem estimates the path loss characteristic for the upstream transmission, references the path loss 

characteristic to a standard reference loop (cable) length and determines the PSD that the CPE modem must 
send. It then informs the CPE modem what PSDs to use across the upstream bandwidth. This is a "communicative- 
method and also requires the LTE modem to relay management information. 
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4. The CPE modem sets an initial PSD (determined to be safe in relation to other twisted pairs based on an initial 
downstream measurement at the CPE modem), and there ensues an iterative process where the LTE modem 
estimates the upstream path loss characteristic, informs the CPE modem that reacts by adjusting its PSD and so 
on until the des.red upstream power is achieved. In this method, both ends of the connection must be aware of 
PSD limitations to prevent accidental pollution of other lines. 

[00S2] In all of the above instances, path loss can be characterised in a number of ways, namely i) as the actual 
loss a t a particular frequency; ii) as the vector of losses at several frequencies; or iii) as the broadband measurement 
of losses at all available frequencies. 

[0053] In wireline systems to date, the longest loop length has previously dictated the PSD for power "back-off of 
CPE transmitters on the shorter loops in the system; this is so as to avoid FEXT In other words, the SNRs of the shorter 
loops are restncted by clamping the operating performance of the shorter loop to the path loss of the longest loop in 
the system. Putting this another way, the available spectrum (before back-off) for or successively shorter loops is 
generally greater (especially at higher frequencies) than for the longer loops. The present invention makes use of the 
fact that for most loops there are regions of available spectrum (at frequencies above the maximum frequency f of 
the longest loop) that are useable without power backoff. Such high frequency regions, although having a reduced 
' can stlN Provide sufficient capacity to support data at or above one bit per carrier in a DMT type system In this 
respect, FIG. 4 shows frequency segregation based on loop length as proposed by a preferred embodiment of the 
present invention. 

[0054] In common with the earlier spectral diagrams of FIGs. 2 and 3, FIG. 4 illustrates the noise floor 102 the effects 
of self FEXT 1 04 and a plurality of loop performance curves 1 1 5-1 1 9 for differing loop lengths on the network/bundle 
The useable symbol space 114 at frequencies lower than f max (i.e. the point that the loop performance curve 115 of 
the longest loop intersects the noise floor 1 02) is restricted for all lengths of loop to an extent that the available (higher) 
SNRs of the shorter loops at frequencies below f max are clamped such that the power received at the LTE modem is 
the same as for the longest loop. However, at frequencies above f max , a preferred embodiment of the present invention 
now makes use of the symbol space between at least one other loop performance curve and the noise floor. For 
example, while the SNR and hence the capacity of higher frequency transmission is not as good at high frequencies 
as it is at low frequencies, there is still capacity that can be utilised and which capacity is in a portion of the frequency 
spectrum that is segregated (i.e. frequency isolated) from baseband. Consequently, the spectrum can be divided to 
support different subsets 1 52-1 54 of subscribers based on the loop length to subscribers (i.e. CPE modems) although 
the channel capacity provided to each subset of subscribers is reduced by virtue of the decreasing loop performance 
profile with frequency. In other words, there is some exploitation of the good SNR generally afforded by the shorter 
loops. As will be appreciated, there can be more than two divisions within the frequency spectrum, with the frequency 
bandwidth of each subset terminated by the intersection of a defining loop performance characteristic (and hence loop 
length) with the noise floor 102. Again, each successive subset is limited to the received signal for the longest loop in 
that subset, i.e. even shorter loops must still be clamped (in terms of PSD to give like received signal strengths at the 
receiver) to the longest (and hence defining) loop in a particular service subset. The operational effect of using these 
additional frequency bands is to bestow an increased upstream bit-rate on this selected set of loops that fall within the 
different subsets. 

[0055] The inventive principal of FIG. 4 is shown in a complementary fashion in FIG. 5 in which service subsets of 
CPE modems are defined by a loop distance measure, namely the concentric circles 1 60-1 64 in the figure Expressed 
in a different fashion, the LTE modem is located at the centre of the concentric circles 1 60-1 64 and represents a zero 
loop distance displacement therefrom. The point l max (f max ) represents the longest serviceable loop to a CPE modem 
coupled to the LTE modem, which point therefore corresponds to f max in FIG. 4. An intermediate concentric circle 1 62 
represents a second subset of subscribers that can utilise a frequency band between f max and F max (in FIG 4) Any 
CPE modem served by a loop length intermediate between La* and L max (as represented by vector 166) is clamped 
to the loop performance curve of the longest loop, namely the loop performance curve associated with I (f ) In 
a similar fashion, a third subset of CPEs could benefit from used and non-interfering frequency spectrum provided 
within the innermost concentric circle 1 64. 

[0056] An example implementation might be where all lines longer than half the maximum reach are backed-off to 
the received PSD of the longest line, whilst wireline resources shorter than half the length of the maximum reach, are 
backed-off to the received PSD of the longest line in the frequencies below 1 max , but are also allowed to utilise the 
spectrum above f max backed-off to the available SNR for the loop with half the maximum reach. With this implemen- 
tation, those customers closer than half the longest reach could be offered a 'gold' service, whilst those further out 
could only receive the "silver" service at a reduced rate. 

[0057] The present invention can therefore reduce the undesirable effects of cross-talk in a number of ways while 
also increasing capacity within the wireline system generally. First, since FEXT is prevalent in relation to upstream 
transmissions, the present invention releases additional bandwidth at relatively high frequencies for use by CPEs with 
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Ire , u .nc y ^^^^^^..'^S.'ESS, troman -Jaeed bit rat. to upstream corn- 
spectrum. In other words, CPEs on ™J^°'™°° a . (acl tMaM „„„ symmetrical In relation to devices on a 
munications. In mis way. an asymmetrical network may. in ac . » ^ length wireline 

short loop length. Second. It limited upstream capacity is •*r£^£™JZ£ , ,„ „, upstream commu- 
connections ma* in ^-'^^SlS'SSSSii * «— ■ 

pass-filter ■ f ^„„«+i«n . **** ihp alias-band for data transmission for selected lines 

[0061] The second embodiment J"*^ on copper pairs in the 

so as to allow for the coexistence of semceswrth ^•™"^^^ wfth capacity not available to the longer loops, 
same cable bundle. Specifically, the alias-band ^' 8 ™ ^^ e ^ men t of FIG. 4. the alias-band 
,ndeed. in a similar fashion to that already described m«»n to Jj^SS JSSSop lengths will exhibit lower 

utilising-the those frequencies in the alias-band. second embodiment of the present invention (in 

[00621 in relation to a structural and f unct,ona ^^^^^J^^^ Jboth short and long 
terms of a DMT-based modem, for example) al. ^^^^^JS^Z^^ reception ant^lias fifters; 
,co P lengths with the exception of: -rriers are in different 

and ii) carrier mapping to avoid amateur bands and distress frequencies ansing 

parts ofthe frequency space. However. s.nc e ; a s.g n, ficant p ^^^^^^^^^J^^uina 
relatively short loop lengths in the same bundle, the system '^rran^d t ° "^™ d J° jre the provisioning of 
but the alias-band for the upstream. Of course. CPE modems for transmission 

complementary flip-filters that are selectively switched n b ot .the ^ LTE wodmm^^ appreciated by the skilled 
and reception therebetween; the required structure of the ° w ~^^ 

addressee and generalty takes the form of a parallel to provide a further 

[0063] The second embodiment of the present mvention therefore JJJJ^ «Iy by upstream or downstream 

wireline communication resource to improve performance ^«^~*^2to -back-off" the power in upstream 
generally. In one embodiment, several methods are P ra P TO ° d th * J^*^ loop presents a similar 

fransmissfcn for a modem such that ^J"*^^ ^ZZ^oXTLJ^ power back- 
power spectral density at the receiver (LTE) modem, lb. there is a ^laciee io um for a |jmited subset 
off. A further embodiment proposes a method of ut^smg , higher W£ servjce than tnose 
of customers with shorter reach loops, such that they can receive a higher 9^Jh'gh er , ^ 
with longer loops on the same network/bundle ^f^Z^ FEKT and 
,oops. Moreover, by providing subsets - "J^^S^ Sver. as w„, be appreciated. FEXT is on.y an 
NEXT can be reduced by making such subsets mutually ««"8we. i ™w • m use of the entire frequency 
issuewithrespecttoup-linktransmissions.andsodo 

spectrum. In fact, the principles underhying the present invei^on can ' ~ "^^e^o^ that relies on using 
r^^C=— -Lers i , sLer reach * a 
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at least one of the LTE modems and the CPE modems. Basically, for migration from the existing system to an enhanced 
performance system provided by the concepts of the present invention merely requires modification of the functionally 
and specifically any underlying control algorithms. Indeed, in the second aspect of the present invention the controller 
of the respective LTE and CPE modems can be implemented to support digital filtering whereby no physical switching 
between the pass band and the alias-band is required. Of course, the present invention could be implemented by a 
hardware change, but this relatively expensive when compared with issuance of software up-grades" this also assumes 
that the modem (equipment general V) can operate effectively in the higher frequency regions of the spectrum that are 
now accessible by virtue of the frequency segregation technique of the present invention. 

[0066] FIG. 7 shows a graphical representation of frequency availability in a wireline system of a second inventive 
notion. The ordinate axis of FIG. 7 represents transmitted power from a terminal, and as can be seen there is an 
arbitrarily selected maximum transmit power P max for all wireline terminals, as will be readily appreciated In view of 
the theoretical noise floor, a maximum transmission frequency exists for a particular length of loop, with all subscriber 
terminals closer in than that length of loop having to attenuate their respective transmit power levels at that particular 
frequency to avoid causing unacceptably high FEXT Putting this another way, shorter loop lengths transmit at lower 
power levels in relation to a frequency corresponding to a maximum reliable frequency for the particular loop length 
In other words, from FIG. 7, the frequency F max(reach) represents the greatest frequency that can be reliable used by 
a subscriber at the maximum serviceable reach of the system whilst ensuring that coherent data is received at an 
addressed central node. For the sake of explanation, it is assumed that the maximum reach is, say, 1 .5 kilometres (km) 
[0067] Now, considering a second subscriber terminal that is closer to the addressed central node than the subscriber 
at the maximum loop length/reach, the second subscriber terminal is able to utilise an increased frequency bandwidth 
whilst maintaining a reliable connection to the addressed central node. The second subscriber terminal located at a 
distance of, say, 1.2km from the addressed central node, therefore has a maximum reliable frequency at F n ~ 
Since frequencies above F max(reach) have not previously been used in relation to subscriber terminals further away 
from the addressed central node, it is possible once again to transmit the frequency F max(1 2) at the maximum power 
25 level P max . Putting this in a slightly different way, a subscriber at, say, reach 1 .2km has a priority in relation to transmit 
power at F max(1 2) . Now, because F max(1 2) actually itself corresponds to a maximum (reliably) serviceable length an 
inflection 202 therefore occurs in the power curve for constant length that results in it being possible to increase 204 
transmit power at increasing maximum serviceable frequencies corresponding to shorter lengths beyond F M 
[0068] At intermediate frequencies between F max(reach) and F max(1 . 2) , for example, it is necessary to reduceTe trans- 
mit power so that ail upstream signals in the wireline/cable at that point and at that frequency are at nominally the same 
level. 

[0069] It is therefore possible to produce a continuous function by plotting attenuation for fixed length at different 
frequencies between F m ^ (reach) and the maximum serviceable frequency for the length in question. It is therefore 
possible to provide greater capacity (in terms of increased frequency bandwidth) to subscribers more distantly located 
from a nominal central node, although this is at the slight expense of restricting the available frequency capacity (and 
hence performance) of subscribers closer in to the nominal central node. The system benefits do, however, generally 
outweigh the possible loss of performance experienced by near-in subscriber terminals/units. 

[0070] The attenuation is therefore calculated as the loss arising from the cable at the frequency in question for a 
length difference between the length in question and the length whose maximum frequency is the frequency in question. 
[0071] Expressing this is a mathematical way, suppose we envisage the use of a reference length algorithm for 
transmit power as: 
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Tx (F, L) = T_max - hypothetical_cable_loss (F, L_max) 
hypothetical_cablejoss (F, L) decibels 
where 

50 L<L_max; F<F_max; and 

T_max is the maximum power spectral density allowed in the system. 



[0072] The nominal reach of the system is therefore identified as L_max, and this can be linked to a maximum usable 
frequency F_max controlled by the assumed noise and/or background FEXT. Therefore: 

F_max = f (L_max) or L_max = f(F_max) which defines L_max (F) 
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[0073] Defining design L_max as the design limit or maximum reach, then: 

Tx (F, L) = T_max - nypotheticaLcablejoss (F, design _L_max) + 
s hypotheticaLcableJoss (F, L) decibels 

and 

10 p > F_max (design J-^max) and F < F_max(L) 

implies 

is j x (p. L) = T_max - hypotheticaLcableJoss (F, L_max(F)) + 

hypotheticaLcableJoss (F. L) decibels 
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level of ™ ^J e D ^i noise floor . More especially, since cross-talk noise at subscriber closer to the ad- 
Tessed^^ 

dressed centra moo * neighbour using the same transm.ss.on frequency. 

An a^na^e ^aTaorithm o that discussed in'elation to the second inventive notion uses a step-wise approx- 
[00751 An e ^^^Z^^ i ^ an L max(F). This therefore defines a set of annulus regions and frequency 
imation to " 8 ^Tm^L)^ fl assumed constant, with this approach trading an increase in short 

b ^SSirSf^TJS^ and reducing the rate a, which margin improves as reach* - reduced 
reach ^^^^^^ ]e bes f outcome occurs if the transmit power spectral density (Tx PSD) can be 
below the target m.n.mumreacK ine oesi ou js assumed tnat upstre am power control 

algorithm of the second notion of the J^^^^. thQ nypothetica | cab , e ,oss, one could use the approximate 
rSnth^^ 

^^Tc^^PSZ'** the above description has been given by way of example only -anc I that 
SSLTt deS, may be In'ade wKhin th^ope of ^^^^^^^^ 
embodiment of ^ JJ» ^ use discrete fre . 

quency bands for ca^ng tra cp£ mo{J ^ ^ pfesent |nvent|0n may app|y tne 

' l "S2 oHhe ^ present i^veS to a red ced number of the total, i.e. the improved service capacity/reduced 
^^^•^SSicn- of the CPE modems rather than all in the same network* undle proved that a.. 
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estimating a loop length af pt least one wireline link; and 

partitioning bandwidth^pequency basis based on estimations of the loop length of the at least one wireline 

aCC ° rdin9 tO Clalm ^ Wh6rein the ««* * P^-ing bandwidth 

assigning at lej|pe of the plurality of subscriber-associated modems to a relatively low frequency ran Qe 
bandwidth an«ip a signal strength for all frequj^mers in an upstream direction in the relatively l* w 
frequency ranjgpdwidth to a signal strength su«fialiy corresponding to a signal strength received J 
the upstream sjjnection in relation to a subscriber-a^|[ted modem having a longest loop length in the re| a 
tively low freqWricy range bandwidth; and « 

assigning at (gast one of the plurality of subscriber^associated modems to a relatively high frequency ranca e 
bandwidth anjplimiting a signal strength for all frequency carriers in an upstream direction in the relatively high 
frequency ragge bandwidth to a signal strength*substantiaily corresponding to a signal strength received by 
a modem ingthe line termination node in relation to a subscriber^ssociated modem having a longest loon 
length in thefelatively high frequency range bandwidth. 

3. The method oripocating frequency bandwidth according to claim 2, wherein subscriber-associated modems as 
signed to t negatively high frequency range bandwidth are excluded from the relatively low frequency rana« 
bandwidth. MF 7 a 

4. The method^^llocating frequency bandwidth according to claim 2, wherein subscriber-associated modems as 
signed to ^relatively low frequency range bandwidth are also present in the relatively high frequency ranoe 
bandwidth. |$ 7 a 

5. The metho| of allocating frequency bandwidth according to any one of claims 2-4, wherein the relatively low fre- 
quency range bandwidth is distinguished from the relatively high frequency range bandwidth by a threshold fre- 
quency at which the received signal strength in the upstream from a subscriber having the longest loop length in 
the relatively low frequency range bandwidth becomes one of: 

substantially indistinguishable from a noise floor of the system; and 
inadequate for supporting usef ul data transmissions. 

6. The method of allocating frequency bandwidth according to any one of claims 1 -5, wherein downstream transmis- 
sions from the plurality of collocated modems in the line termination node to the plurality of subscriber-associated 
modems utilise the relatively low frequency range bandwidth and the relatively high frequency range bandwidth.' 

7. The method of allocating frequency bandwidth according to any one of claims 1 -6, further comprising the steps of: 

assessing a path loss for a connection between a first modem of the plurality of subscriber^ssociated modems 
and a second modem in the line termination node; and 

referencing the path loss against reference path-loss loop characteristics for a standard reference cable type 
* - to determine a loop length between the first modem and the second modem. 

8. The method of allocating frequency bandwidth according to any one of claims 1 -7, wherein the step of partitioning 
bandwidth comprises the step of: 

assigning base-band to a first group of subscriber-associated modems; and 

assigning alias-band frequencies to a second group of subscriber-associated modems having shorter loop 
lengths than at least some of those subscriber-associated modems in the first group. 

9. The method of allocating frequency bandwidth according to claim 8, wherein the second group of subscriber- 
associated modems contains modems requiring a reduced channel capacity. 

1 0. The method of allocating frequency bandwidth according to claim 9, wherein downstream transmissions use base- 
band. 
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SJSpZi »«J wLeir ?t» bandwidth i« partition bas.d on loop l.ngth b.ais. 

5 12 Tb. -.line communion sy^ aecord.ng .o <Un .1 . ^"rSltl— 
«rstn^. m .h,o,,aham 5 t»i-.lin.r^ 

to the first bandwidth. 

13 The wireline communication system according to Cairn , 2. wherein the second communication contains mutually 
is ' exclusive frequency carriers to the first commun.cat.on. 

rMnr , tri Haim i o wherein the second bandwidth includes the first band- 

14. The wireHne communicate system ac^ 

widthandafurtherportion of bandwidth above ^r^SJSKS^ length level to the line termination 

in the second bandwidth. 

15 The wireline communication system according to any one of Cairns 11-14. wherein the means for providing. 
' frequency partitioned bandwidth further comprises: 

compiementary switchable fi.ters in the Hne termination equipment and the p.urality o* modems, the swKchab.e 
filters arranged to select between base-band and alias-band: 

at least some of those moderns in the first group. 

16 The wireline communication system according to Cairn 15. wherein the second group of subscriber-associated 
' modems contains modems requiring a reduced channel capacity. 

35 17 A modem-management system combination comprising means for providing a frequency partitioned bandwidth 
based on a loop length of a wireline resource. 
18. The modem-management system combination of Cairn M, wherein the modem thereof comprises a switchable 
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-comprising: 

maximum power level. 

20. The method of allocating frequency bandwidth according to claim 1 9. wherein a ievel of increase in the transm* 
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maximum powe, tovol lor f„c*e™l. s above th. sec^d <1%Z£ <™»«,ng « lha predate,,**. 
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